Abstract
Introduction
Power systems components mainly consist of generators, transmission lines, transformers, switches, active or passive compensators and loads. Power system networks are complex systems that are nonlinear, non-stationary, prone to disturbances and faults.
In recent years, the electrical power system is continuously expanding in size and growing complexity all over the world. The electricity industry has undergone several changes due to privatization all over the world which has affected power system management and energy markets [1] . The power system which are heavily loaded, faulted and having shortage of reactive power are the main reason for voltage collapse [2] . As the voltage collapse problem is closely related to reactive power planning including the contingency analysis, as these should be considered for the secure operation of the power system [3] . During the outage conditions of some critical lines, the generators are capable of supplying limited reactive power even sometimes the supplied reactive power cannot be used to fulfill the requirement of the network because the location is far from the generator point. Further, more the real powers of the generators are reduced to supply the reactive power demand of the system. Hence, the reactive power compensators are used to maintain the voltage profile and there by improving the performances of the system [4] .
Flexible Alternating Current Transmission Systems (FACTS) devices are becoming very popular for improving overall performance of power systems. FACTS devices are the solid state converters having capability of improving power transmission capacity, voltage profile, enhancing power system stability and security [5] .
FACTS based equipment, provide proven technical solutions to voltage stability problems. Especially, due to the increasing need for fast response for power quality and voltage stability, the shunt dynamic Var compensators such as Static Var Compensators (SVC) and Static Synchronous Compensators (STATCOM) have become feasible alternatives to a fixed reactive source, and therefore have received intensive interests [6, 7] .
Facts Devices
SVC and STATCOM are the shunt devices of the FACTS family using power electronics to control power flow and improve transient stability on power grids [8, 9] to regulate voltage at its terminals by controlling the amount of reactive power injected into or absorbed from the power system. When system voltage is low, they generate reactive power (capacitive). When system voltage is high, it absorbs reactive power (inductive). Figure 1a shows the 3-Bus system used in the study. The power grid consists of two voltage sources 500kV, frequency 60Hz (1200 MVA and 1500 MVA respectively ) connected by transmission lines: L1=90km, L2=65km, L3=75km. To analyze and compare the efficiency of SVC and STATCOM for the enhancement of the power system stability, we consider SVC and STATCOM on the transmission line of power system, shown in Figure 1b .
Results and Analysis

Circuit Description
The figure 1b shown above is model of the transmission line with STATCOM installed in bus B3, and has a rating of +/-100MVA. This STATCOM has a DC link nominal voltage of 40 kV with an equivalent capacitance of 375 uF. On the AC side, its total equivalent impedance is 0.22 pu on 100 MVA. This impedance represents the transformer leakage reactance and the phase reactor of the IGBT bridge of an actual PWM STATCOM.
The Obtained Results
The obtained results with and without the compensation of the reactive power were tabulated in Table 2 , 3 and 4. When STATCOM and SVC are connected, the load Voltage has increased. Figure 3 show that, when SVC and STATCOM devices are entered in the operation, it has regulated the voltage in the allowed limit. 
The Fault Appears
When the ground fault phase A appears, if without compensation the voltage will be 0.6371pu. In contrast, if with STATCOM exists, the reactive power is -0.6612pu, at that time votage reached to 0.6632pu. With SVC the reactive power is -0.4303pu, at that time votage reached to 0.6546pu. Figure 7 show the change of votage and reactive power when ground fault phase A appear with and without the compensation. Applying the same analysis as aboves, when ground fault two phases A&B appear. At that time, the effects of STATCOM will be better than these of SVC. Figure 8 show that voltage and reactive power when ground fault two phases A, B appear with and without the compensation. 
Identify Optimal Type of Reactive Power Generating Source in Fact of Power System
Vietnam's 500kV grid system in 2015 was included in the survey of which the southern grid is considered to compensate reactive power because of large load demand which is dramatically increased. The two receiving/transmitting reactive power devices with equivalent size, which are included in the survey of stability in the domain time, are SVC and STATCOM.
In case of calculation with the capacity mobilized from the North to the South at the boundary value of 1550 MW, transmission capacity in 500kV grid connecting the Middle with the South is quite large. To evaluate the ability to improve the stability of the reactive power generating devices, the considered incident scenario is that incident is occurred on 3 permanent phases in 500kV lines from Di Ling to Tan Dinh, fault location is near Tan Dinh 500kV transformer station; main relay does not work, the preventive relays system send the turn-off delay signal with the time ranging from 0.7 sec to 0.8 sec.
The results of analysis of phase angular oscillation of 1000MW generators in Tra Vinh show that after short-circuit breaking, breaking time is 0,7 sec; amplitude of phase angle of Tra Vinh generator in case of using reactive power compensation source created by SVC is greater than that in case of using STATCOM. With large amplitude if time of short-circuit elimination is increased, the system will be unstable.
Another survey with the same incident case but with short-circuit breaking time extending to 0.8 sec is conducted. The Southern electrical system in case of reactive power compensation generated by SVC was unstable, while in case of that generated by STATCOM, the system still remains the stability.
Basing on the above calculation it can be concluded that in term of stability in the domain time, the reactive power compensation system generated by STATCOM will be controlled more quickly, flexibly and reliably than SVC. 
Conclusion
In this study, the power system stability enhancement via STATCOM and SVC stabilizers is presented and discussed. An effort is made to assess voltage stability and security of multibus power system in presence of STATCOM and SVC. A comparative study on effectiveness of STATCOM and SVC in improvement of voltage stability and security has also been presented. STATCOM is found to be more effective than SVC to ensure voltage stability and security, at the same time, it is also capable to considerably reduce reactive power line loss. The results of this work are of certain practical significance and applicable value. Based on such calculation, For Vietnam's 500kV grid, power compensation by using STATCOM will improve operation stability better than using SVC.
